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Abstract. The starting point of the present study was the reportedmaps for cattle has made it possible to identify chromosomal re-
identification of a chromosomal region on bovine Chromosomegions carrying loci that affect meat quality, reproductive effi-
(Chr) 15 (BTA15) carrying loci affecting meat tenderness. A com-ciency, and growth (Stone et al. 1999; Casas et al. 1998; Keele et
parative linkage map of BTA15 and human Chr 11 (HSA11) wasal. 1999). These mapping studies typically make use of diverse
constructed to identify potential positional candidate genes and tgermplasm, such as interbreed crosses, which provide strong phe-
provide a resource of genetic markers to support marker-assistatbtypic contrasts and increase the level of marker informativeness.
selection (MAS). Relative rearrangements between the bovine anllleat tenderness is one important carcass quality trait to the beef
human genomes for these chromosomes are the most compléxdustry (NCBA 1998) for which a chromosomal region affecting
observed in comparative mapping between the two species, withhenotype has been previously described (Keele et al. 1999). In
nine alternating blocks of conserved synteny between HSA11 andummary, Warner-Bratzler shear force measurements were ob-
bovine Chrs 15 and 29. The results of this study were the additiottained on days 2 and 14 post-mortem for 294 progeny from a
of nine genes to the HSA11/BTA15 comparative linkage map, andnating of a Brahman x Hereford bull tBos tauruscows. A
development of five microsatellite markers within the quantitativegenome scan identified a QTL on BTA15 with a peak at 28 cM
trait locus (QTL) interval. One gene with known effects on musclefrom the most centromeric marker (MGTG13B) on the U.S. Meat
development (MYOD1) was mapped to the interval. A secondAnimal Research Center (MARC) linkage map (Kappes et al.
gene (CALCA) involved in regulation of calcium levels, a key 1997), with a 95% confidence interval spanning 23 cM (between
factor in postmortem tenderization, also mapped within the interpositions 17 and 40 cM on the map).

val. Refinement of the comparative map and QTL position will ~ The goals of the present study were to generate additional
reduce the interval on the human transcription map to be scannedarkers for use in marker-assisted selection and refinement of the
in search of candidates, reducing the effort and resources requiredTL interval, and to identify positional candidate genes by using
to identify the allelic variation responsible for the genetic effect. comparative mapping to the gene-rich human map. Human Chr 11
shows alternating blocks of conserved synteny with BTA15 and
BTA29 (Chowdhary et al. 1996; Band et al. 2000; Amarante et al.
2000), but the low resolution with which these blocks have been
defined complicates the selection of positional candidate genes. In

order to improve this resolution and provide potential candidate

A ”?ajor goal of Iiv_estock _gen_omic resc_aar_ch i_s to unde_rstand .thpgenes, we added nine genes to the bovine linkage map, three of
basis of the genetic contribution to variation in production traits.\yhich fell within the QTL interval

However, identification of genes and DNA sequence differences

that contribute to relatively minor (but still of substantial economic

importance) variation in phenotype is a daunting task. The mosMaterials and methods

promising avenue is the application of comparative mapping, mak-

ing use of the wealth of knowledge and resources produced fTONbCR, primer sets for nine genes were designed from sequence data avail-
the human genome project and biomedical research communityple in GenBank or obtained from the literature (Table 1). Primer sets for
This approach requires construction of detailed comparative mapsaicrosatellite screening of the RH panel were obtained from the MARC
to identify blocks of conserved synteny between species, define theebsite (http://www.marc.usda.gov/). Standard polymerase chain reactions
boundaries of these regions, and reveal changes in gene ordéiCR) included 50 ng DNA, 10 each of the four nucleotides, 0.1%
within these blocks. Some areas of the bovine genome show higﬁfié%”())f(%?veyai?:r’:"dfgé ge”;)\"nyésrs“g]g'gmg al-t(5)tg“|1 rl\élgcct:gno\./iﬁj’\:ne
degrees of conserved synteny with the human genome, as well ¢ L X
cogserved gene order vzithin){hese areas, Whi|g other regions a%— 10 pl. Reactions were conducted in a PTC-200 DNA Engine (MJ

. . . esearch, Incline Village, NV). Thermocycling parameters were 95°C for
pear to bear a less straightforward relationship (Band et al. 2000}, min, 35 cycles of 95°C for 30 s, 55-63°C for 30 s, and 72°C for 30 s,

It appears that the most complicated set of relative rearrangemen(g, 5 final extension cycle of 72°C for 5 min. PCR products were elec-
involves genes found on HSA11, which appears to have alternatingophoresed on 2% agarose gels and visualized with ethidium bromide.
blocks of conserved synteny with BTA15 and BTA29.

Recent construction of microsatellite-based genetic linkas .
g geSequenCIngReactions were performed as recommended (Applied Bio-

- systems, Foster City, CA). Single nucleotide polymorphisms (SNPs) were

* Present addresdJSDA, ARS, NCCCWA, PO Box 100, Kearneysville, identified by visual inspection of the chromatograms or by alignment with

WV 25430, USA. th‘e programs phrap, polyphrgd, and consed. Sequences were compared

. ] ) with the GenBank database via BLASTN search (Altschul et al. 1990) to
Present addressJSDA, ARS, NPS, 5601 Sunnyside Ave., Rm 4-2164, iy that amplicons were specific to the target genes. PCR products were

George Washington Carver Bldg. Beltsville, MD 20705-4736, USA. generated from within each gene for each of the four F1 bulls in the MARC

Correspondence tol.P.L. Smith;E-mail: smith@email.marc.usda.gov reference families (Bishop et al. 1994) and sequenced for SNP discovery.
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Table 1. Primer information.

Accession for Accession SNP
Gene (symbol) Primer sequences primer design of product positior? Alleles”
Acid sphingomelinase (ASM) F tgtggaaaggtatgagaacacc AW307984 AF325550 169 AIG
R tccgtcagattcatgatgtagg
Adrenomedullin (ADM) Jiang et al. 1998 AJ001613 S&me
Amyloid beta precursor protein-binding Fattccttttggaaccccaac AW326116 AF325551 222 TIG
B1 (APBB1) R ggtccttcagccccaaat
Brain derived neurotrophic factor (BDNF) Jiang et al. 1998 X97914 Same
Calcitonin (CALCA) F gagacagaggactccaggtaag AJ271090 AF297204
R agtggaaggagttcagttggce
Collagenase (MMPZ) F atgaagcagcccagatgtyg AF134714 AF297203
R cttggaaattgctggtccaccat
Glucose-6 phosphatase transporter (G6PT1) F aggagatccctctggacaaa AW447228 AF325552 356 TIC
R aaacttgctgatggcgtagg
Myogenic determination factor 1 (MYOD1) Defined in AF297205 AF093675 AF297205
Nuclear mitotic apparatus protein F aagcgggtttcctcagagac AW355010 AF325553 81 TIC

R gttgggtgaggctttggag

aThe nucleotide position in the sequence shown under “accession of product” at Previously reported primers for MMP1 (Jiang et al. 1998) were aligned to bovine
which the genotyped polymorphism is located. GenBank sequences, and base pair changes were made to increase similarity to the
b The alternative alleles observed in the MARC mapping; parent bulls are indicatedbovine gene.

¢ Sequence of PCR product is identical to that of the sequence used to design primers.

Radiation hybrids.Primer sets for seven microsatellites (MARC data- ping to HSA11 were targeted as possible comparative candidate
base; http://www.marc.usda.gov/) that span the BTA15 QTL interval wereioci for the QTL or as markers to define breakpoints in conserved

used to screen a bovine RH panel (Womack et al. 1997). Ninety hybridgy nteny between the two cattle chromosomes and HSA11. Primers
were screened for the presence of the seven microsatellites and six gen&g,veloped for each gene were tested on bovine genomic DNA, and

whose PCR product showed a bovine specific fragment. Each marker w. .
run on the panel twice, and each hybrid was scored as +, —, or? for eagi]e product was sequenced to verify that the correct gene had

marker. Data were analyzed by using RHMAP3.0 (Lange et al. 1995). Abeen targeted. Owing to the “shuffling” of genes during evolution,
primer pair that amplifies bovine CAPN1 and has been mapped to BTA29°€sulting in some HSA11 orthologs lying on BTA29, a preliminary
(Smith et al. 2000), was screened on the RH panel, and the resulting dagcreen for synteny of six genes with microsatellites chosen from
were used in the two-point analysis. HSA11l genes not showing coBTA15 was performed with a bovine radiation hybrid (RH) panel.
retention with markers on BTA15 would be expected to show co-retentionPrimers designed for APBB1, ASM, and G6PT1 were not suitable
with markers on BTA29 such as CAPN1 (Solinas-Toldo et al. 1995; for this analysis owing to production of amplicons from the rodent
Chowdhary et al. 1996; Band et al. 2000). control DNA. The average retention frequency for all markers
was 13.1%. Pairwise analysis (Rexroad, unpublished) revealed
YAC screeningYAC superpools and secondary pools from the MARC that ADM, ASM, BDNF, CALCA, NUMAL, and MYOD1 all
YAC library were screened with microsatellites in the QTL region (JAB1 had significant (LOD > 3.0) co-retention frequencies with the
and BMS1782) or gene-specific primers (ADM, BDNF, and CALCA). seven microsatellites typed on the RH panel. This is consistent
Once individual YAC clones were identified, they were subcloned (Son-yjith a recent report of typing on the same RH panel with different
%?gardt_et ?" 159|9N7E) ;aargiRpr(cI)_bed tfor nl'cr?si‘;eg'gt)es b;:jusutngfal@ﬁ)be.t_ primers for ADM (Band et al. 2000). The amplicon for CAPN1,
ernatively, - enstra et al. products from reactions_ . : P :
using individual YAC clone DNA for template were cloned and probed for xnlhcrlhren:epsmtecl)rkz-lr—sAZI\%I'M%i rs]ﬁtovflzgwwzlgl? nc(l:((:)?p;t:r?t-ilc’)erwteirrlwtlc’[)f?e
microsatellites. RH panel with markers from BTA15 (LOD > 2.0), but showed
. no significant co-retention with CAPN1. This is consistent with
BAC screeningGene-specific probes for hybridization were constructed”nkage data (below) that suggest that MMP1 maps to BTA15
from g(_al—purified _PCR produgts and radioaqtively labeled by using ran-phut not in close proximity to the targeted QTL interval, and
dom-primed labeling (Megaprime DNA Labeling System, Amersham RPN, i yecently published results by using the same RH panel that
1605) and used to probe a bovine BAC library (RPCI-42) qbtamed from, di " h . d of the ch
Roswell Park Cancer Institute (Warren et al. 2000). Cocktails of multlpleIn icates a map position at t_ e pentrome_rlc end of the chromosome
probes were hybridized to filters containing over 18,000 clones (in dupli-(Amarante et al. 2000). Multipoint analysis of the RH data resulted
cate) each. Positive clones were then picked and grown in 96-well platedn @ large number of possible orders, none of which had signifi-
Sorting positive clones by gene was done by PCR or by secondary hybridcant confidence compared with the alternative orders (data not
izations to filters stamped from 96-well plates followed by PCR verifica- shown).
tion. Individual clones were regrown in a high nutrient broth for DNA The gene-specific PCR products generated from genomic
extraction by alkaline lysis (Kirschner and Stratakis 1999), as suggested bpyNA of the four F, bulls of the MARC mapping population
the producer (Roswell Park Cancer Institute). BAC DNA was then sub-(gishop et al. 1994) were sequenced to identify single nucleotide
cloned and probed for microsatellites (Table 2). polymorphisms (SNPs). This procedure identified SNPs in G6PT1,
APBB1, NUMAL, and ASM, which were used to place these four
Linkage analysesMarker genotypes were generated for the parents ofgenes on the bovine linkage map (Fig. 1). Details of the SNPs are
the MARC reference families (Bishop et al. 1994). Families including given in Table 1. None of the other five genes had SNPs in the

parents that were determined to be heterozygous for the markers were thefinplified fragments from these bulls. To map these genes, large
genotyped and the data merged with those of the 1500 markers in thf’ﬁsert clones were obtained by screening bovine BAC and YAC
MARC database (Keele et al. 1994; http://www.marc.usda.gov/cattle). Cri y 9

; ) Nibraries with gene-specific primers. To provide additional markers
m3%_%&?{0:”;35&rggndgéglibégg(?a\gszsu:te glltcigg;;?rm two-point anc]m. the _QTL inte(val, the bovine _YAC library was alsp scre_rened
with microsatellite markers previously mapped to this region of
Results BTA15. Additional microsatellite markers were then developed
from these clones by subcloning, screening, and sequencing. In
Nine genes (ADM, APBB1, ASM, BDNF, CALCA, G6PT1, total, 10 microsatellites were added to the current BTA15 linkage
MMP1, MYOD1, and NUMAL,; see Table 1 for definitions) map- map (http://www.marc.usda.gov), five of which map to the QTL
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Table 2. Amplification and mapping information for microsatellite markers. GenBank accession numbers are given for each marker as well as the cloatioit entifiber
for the BAC or YAC clone from which the marker was derived (primer sequences used for amplification are defined in the GenBank entries). The nietdseolodeaved
and the number of informative meioses in the MARC mapping population, the size range of the observed alleles in bp, and the estimated positidteofrittberBFA15
linkage group are indicated.

No. of
Marker Associated Accession No. of Allele informative
name locus! BAC/YAC ID number alleles sizes meiosis cM
BY1502 (JAB1) YAC 151 C 10 AF355778 6 124-140 338 28.2
BY1503 (BMS1782) YAC 304 B 7 AF355777 2 148-150 52 36.8
BY1520 BDNF YAC 311 E 10 AF297205 7 221-239 289 72.3
BB1525 ADM BAC 303 P 21 AF297206 3 202-216 98 49.0
BB1526 ADM BAC 303 P 21 AF297207 6 169-179 230 46.8
BB1528 MMP1 BAC 382 L 10 AF297208 7 321-343 227 0
BB1529 CALCA BAC 352 N 10 AF297209 5 96-116 174 39.2
BB1533 MYOD1 BAC 196 M 14 AF297210 2 129-131 RD
BB1538 MYOD1 BAC 196 M 14 AF297211 3 147-149 102 40
BB1539 MYOD1 BAC 196 M 14 AF297212 6 217-231 260 37.1

2Gene symbols are given for gene-related markers; loci symbols in parentheses represent previously mapped non-gene markers.
b BB1533 is known to contain a null allele; difficulties in genotyping did not allow it to be positioned on the map by using the MARC reference families.

0 MMP1 IGF2~"T O
ASM
HBB Q
10 APBB1 —X{ 10
ADM —
PTH —"|
— 20
20 ADCY?2 (HSA 5) CALCA
MYOD1
G6PT1 LDHA — 39
30 BDNF ~_|
MYOD1 FSHB —
40 CALCA [ 40
[~ PTH
ADM
50— 1—— HBB — 50
APBB1
60— NUMA1 — 50
[ uCP3
70 —}—— BDNE — 70
—— FSHB
80— NUMA1 —| 80
FGF3 — |
g
90— uce3 90 Fig. 1. A comparative map including a rendering
of the Unified Database HSA11 physical map
100 TYR ——— 100 (http://bioinformatics.weizmann.ac.il/udb/) and
- genes on the BTAL5 linkage map. Genes in
italics on HSA11 map to BTA29, those ibold
110 =t — 110 map to BTA15. The bar to the right of the
MMP1 — HSA11 map indicates the portions apparently
BTA15 Linkage Map (cM) having conserved synteny with BTA15 (gray
— 120 rectangles) or BTA29 (open rectangles), to
G6PT1 — emphasize the nine alternating blocks in the
comparative maps. On the BTA15 map shown,
[ 130 the fact that ADCY2 maps to HSAS is indicated.
SRPR ——dm The gray bar on the BTA15 linkage map indicates

the 95% confidence interval for the meat

. tenderness QTL. Genes that were added to the
Unified Database Map (Mb)  g1a15 jinkage map in the current study are

of HSA11 underlined.

interval. Using large insert clones resulted in the addition of fivebut the repetitive elements found near these microsatellites com-
genes to the comparative map of BTA15 (Fig. 1). plicate primer design. The same is true for attempts to design SNP

Two of the seven microsatellites (BY1502, BY1503) obtained markers from SINE-PCR products. Difficulties with chimerism
from subcloning YACs that screened positive for JAB1 or and YAC DNA recovery caused us to shift our gene mapping and
BMS1782 mapped to BTA15. The other five microsatellites marker discovery efforts to BACs, using YACs primarily for con-
mapped to other chromosomes (Rexroad et al. 2000), apparently &g construction. BACs have the potential for recovery of greater
a result of chimerism in the YAC library. SINE-PCR has proven ayields of low-copy plasmid DNA and are known to display lower
valuable tool for the discovery of microsatellite markers in YACs, rates of chimerism than YACs.
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Discussion gene affecting how the protein functions to regulate intracellular
calcium could also affect meat tenderness. MYODL is a transcrip-
One approach to discovering specific allelic variation responsibldion factor expressed in skeletal muscle myogenesis and regenera-
for genetic effects is fine mapping, with the goal of identifying tion (Atchley et al. 1994; Fuchtbauer et al. 1992). Although a
candidate genes in the chromosomal segment containing the QTdirect mechanism by which allelic variation in MYOD1 during
and producing additional genetic markers to refine the QTL peakearly muscle development might affect postmortem tenderization
Comparative mapping between bovine and human genomes is the not immediately obvious, it is possible that genetic variation in
most efficient way to identify positional candidate genes, as itthis gene changing its ability to influence the expression of struc-
makes use of the wealth of data available from the human map antgiral components of muscle could affect meat tenderness. Future
biomedical community. By using this approach, new markers carstudies to assess the possible variation and impact of these candi-
be identified in the QTL region, and potential positional candidatedate genes on meat tenderness may be able to address possible
genes can be identified and evaluated. mechanisms.
Fine mapping of the meat tenderness QTL on BTA15 resulted
in the development of 10 microsatellite markers and the mappin% ) )
of nine genes to this linkage group. The addition of BB1528, 6 cM cknowledgmentsThe authors thank Kevin Tennill and Renee Goditel for
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